Abstract: Al-Cu-Mn is one of typical heat-treatable cast alloys with high strength which has been widely used in aerospace and automobile industries. The complete manufacturing process for AlCu-Mn components includes low pressure die casting, T6 heat treatment and machining. It has been found that the property in former process has been transferred to the sequent step with considerable effect. In this paper, a detailed study has been conducted on precipitation strengthening behavior of Al-Cu-Mn alloy under effects of casting macro-segregation. A plate of 60 mm thickness was prepared by using low pressure die casting and the chemical compositions were measured at different positions. The remarkable segregation was observed in the position close to the sprue. The yield strength and elongation in different aging time were compared. The results showed that the composition of Cu decreased from 5.1 % to 3.8 % through the thickness, which led to a decrease of the yield strength and an increasing time for aging, while the elongation appeared as a parabolic.
Al-Cu-Mn alloys have excellent mechanical properties [9] ~ [11] . However, due to its poor casting ability, casting defects, such as porosity, segregation and hot tearing, appears frequently. Among these defects, macrosegregation is extremely harmful to large thin-walled components [12] ~ [14] . In aluminum alloy, Cu and Mn are negative segregation elements, while Ti, V and Zr are positive segregation elements. The segregation sequence is Cu>Mn>V>Ti>Zr>Al [15] [16] . Although the phenomenon of the segregation in aluminum alloys has been studied by many researchers in the past decades, it still cannot be eliminated [17] ~ [19] , because of the large sensitivity to wall thickness. Thus, in order to achieve the designed performance of the product, it is of great significance to investigate the inhomogeneous distribution of alloy elements in casting and its influence on the subsequent heat treatment.
In this paper, specimens were prepared under actual production process and the component analysis of alloy elements was done to investigate the macrosegregation in the specimens. Subsequent heat treatment was added to the specimens with macrosegregation, and the yield strength and elongation in different aging time were measured to analyze the influence of macrosegregation on the mechanical properties.
Experimental Methods
The detailed composition of aluminum alloy used in this paper was given in Table 1 . Specimens (650 * 650 * 60 mm) were produced by using low pressure die casting under actual production process. The slit gating system and chills were adopted and each specimen had four sprues. The component analysis was conducted on the specimens by using optical emission spectrometer FPI M5000 Metals Analyzer (Focused Photonics Inc., China) and inductive coupled plasma emission spectrometer Thermo Scientific iCAP-QC (Thermo Fisher Scientific Inc., America). The details of the analysis are shown in Figure 1 . Figure 1 The details of component analysis
Based on the component analysis, the specimens with macrosegregation were machined into rod shapes with two screw thread ends for tensile tests. They were heated in a Muffle furnace at 540 o C for 10 hours, directly quenched in 11% UCON and then artificially aged at 175 o C in a Muffle furnace for various time. After heat treatment, the specimens were stretched at room temperature by using an Instron-5985 (Instron Inc., America).
Experimental Results
The distribution of alloy elements in composition was obtained by optical emission spectrometer. The distribution of Cu was shown in Figure 2 and Figure 3 . The results of Number 1 to Number 12 revealed that the segregation caused by gravity was not significant. The same results were obtained for other elements, even Cd, whose molar mass was much higher than Al, as was shown in Figure 4 . The average and the standard deviation of Number 1 to Number 12 were listed in Table 2 and no obvious macrosegregation was observed in gravity direction. In contrast, the mass percent of Cu increased from Number 13 to Number 15, due to the solidification sequence. The chills accelerated the solidification, while the sprue at high temperature slowed it down. Comparing Number 14 with Number 1 to Number 12, it was obvious that the mass percent of Cu was similar. The coefficients in Figure 5 were obtained by dividing the results of Number 13 to Number 15 by the average of Number 1 to Number 12. It was verified that Cu, Mn and Cd were negative segregation elements, while Ti, V and Zr were positive segregation elements. Figure 4 The distribution of Cd in the specimen (Number 1 to Number 12) Figure 5 The coefficient of segregation for alloy elements For this alloy, the mass percent of Cu was the major factor for mechanical properties after heat treatment. Therefore, the specimens with macrosegregation were machined into tensile test pieces in the position close to the sprues and the distribution of Cu measured by inductive coupled plasma emission spectrometer was shown in Figure 6 . With the distance increasing from 7.5 mm to 52.5 mm, the mass percent of Cu increased from 3.81 % to 5.12 %, some of which were out of the standard values for this aluminum alloy. Figure 7 and Figure 8 presented the variation of yield strength and elongation in artificial aging under the influence of macrosegregation. Regardless of the influence of macrosegregation, the yield strength increased and the elongation decreased before the arrival of peak aging. However, it was obvious that the higher mass percent of Cu gave the high yield strength, while the elongation presented a complex variation pattern. The sharp increase in yield strength occurred after 0.5 h for 4.45 % and 5.12 %, while the time increased to 1 h for 3.81 % and 4.15 %. And after 24 h, the alloys were overaged and the yield strength begun to decrease with aging time going on. The opposite variation occurred in elongation and it appeared more complex under the influence of macrosegregation. 
.1 Verification Of The Effects Of Solution Treatment On Macrosegregation
There is considerable amount of literature that demonstrates the effect of heat treatment on aluminum alloy is prominently impacted by quenching rate, which is sensitive to thickness. In this paper, the specimens were machined into tensile test pieces before heat treatment to avoid the influence of thickness. However, it is necessary to verify that macrosegregation is essentially unaffected by solution treatment. Therefore, a specimen was preheated to 540 o C for 10 h in a Muffle furnace before machining. Figure 9 shows the yield strength of the specimens after artificial aging for 8 h without and with pretreatment and they presented almost the same strength, which demonstrated that solution treatment had little influence on macrosegregation. Considering the contributions from the precipitates, the solid solution and the pure matrix, the yield strength of this Al-Cu-Mn alloy in artificial aging can be expressed as [20] :
where y  is the yield strength of the alloy, i  , ss  and ppt  are the contribution from the pure matrix, the solid solution and the precipitates, respectively. At the beginning of artificial aging, the alloy was in supersaturated solid solution and the yield strength principally depended on the solid solution. Hence, as is shown in Figure 10 , with the distance from sprue increasing, the yield strength increased, due to the increasing mass percent of Cu. Similarly, the high solid solution led to the high volume of precipitates. Therefore, the yield strength in peak aging, which principally depended on the precipitates, presented a similar tendency in Figure 11 . Figure 10 Yield strength and elongation at the beginning of artificial aging Figure 11 Yield strength and elongation under the actual product process (artificial aging for 8 h) Other than the variation of yield strength, the elongation appeared as a parabolic, which implied that the center of the specimens would be the weakness for the product. However, due to the absence of the precipitates, it was unreasonable that the elongation at the beginning of artificial aging presented such a complex variation for macrosegregation. Thus, the elongation was not merely affected by macrosegregation. Considering other casting defects, porosity is sensitive to the thickness and affected by the solidification sequence as well. In general, porosity will reduce the elongation. Figure 12 presents the density in the position close to the sprue and it had a similar tendency with the elongation. However, to quantitatively analyze the variation of the elongation, more experiments are required to be done in the future. Figure 12 Density in the position close to the sprue 5. Conclusions Al-Cu-Mn alloy in this paper is one of typical heat-treatable cast alloys with high performance. Low pressure die casting and heat treatment were conducted and the measurement of the distribution of alloy elements and mechanical properties was done:
a) The remarkable segregation was observed in the position close to the sprue and it was essentially unaffected by solution treatment.
b) With the distance from the sprue increasing from 7.5 mm to 52.5 mm, the mass percent of Cu increased from 3.81 % to 5.12 %, some of which were out of the standard values for this aluminum alloy, while no obvious macrosegregation was observed in gravity direction. c) In aging treatment, the yield strength increased and the elongation decreased before the arrival of peak aging. With the mass percent of Cu increasing, the yield strength increased, while the elongation appeared as a parabolic.
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